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§5. First Cooldown of Poloidal Coils for Large 
Helical Device 
Takahata, K., LHD Group 
The first cooldo\Vll of Large Helical Device was 
started on February 23 of 1998, and the 
superconducting transition of all poloidal coils was 
confirmed on March 1 7. 
The poloidal coils for Large Helical Device 
consist of inner vertical (IV), inner shaping (IS) and 
outer vertical (OV) field coils. Conductors of all 
poloidal coils are Nb-Ti cable-in-conduit types 
cooled with supercritical helium. The largest 
poloidal coil, OV coil, has a center diameter of 11.1 
m and a weight of 45 tons. Therefore, the OV coil 
is one of the largest forced-flow coils in the world. 
The cooldo\Vll was started on February 23 and 
continued 24 hours till the superconduct ing 
transition on March 17. Figure 1 shows the 
cooldown curves for the upper OV (OV-U) coil. 
The cooling rates were 0.65 Klh in the region of 
300 K"'-'200 K and 0.8 K/h in the region of 200 K 
"'-'130 K. After cooling with a liquid nitrogen heat 
exchanger, turboexpanders were started on March 9. 
The temperature difference between inlet and 
out let was successfully controlled to be less than 50 
K. Supercritical helium was distributed into the coils 
in proportion to the weight. As a results, the 
temperature of all coils decreased uniformly. The 
coil average temperature was estimated by using the 
resistance and indicated as open circles in Fig. 1. 
The coil temperature agreed well with the outlet 
temperature. This indicated that the heat transfer 
coefficient was almost unity, that is to say, the 
cooldo\Vll was performed with high efficiency. 
During the initial cooling, the pressure drop 
between inlet and outlet was measured. The results 
showed that the friction factor versus Reynolds 
number curves coincided with the previous results 
for the single tests of the lower IV coil.1) 
The superconducting transition was observed 
for all coils on March 17. Figure 2 shows the coil 
terminal voltage and outlet temperature. The coil 
current was 10 A. When the transition of each coil 
was completed, the outlet temperature was just 9 K. 
It confirmed that the critical temperature did not 
degrade. The residual resistance ratio (RRR) of 
copper stabilizer was also found to be about 200, 
which coincided with the design value. 
10 
300 
OV-U 
250 -·-··Inlet Temperature 
--Outlet Temperature 
Q' o Coil Temperature 
200 
~ 
:J 
~ 150 
<1> 
0. 
E 100 <1> \ 
I- ·-·-·- .... ,., 
50 
. "\ 
'· u, 
•.,: \1 
"h .. 
0 
2/26 3/3 3/8 3/13 3/18 
Time 
Fig. 1. Cooldown curves for the upper outer vertical 
field coil (OV -U). 
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Fig. 2. Transition to superconducting state 
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